INTRODUCTION
This paper describes the Paleogene planktonic foraminifer faunas of Holes 360 to 364, and those of the Neogene of Holes 362A, 363, and 364. The Neogene recovery of Hole 362A is confined to Core 1, the corecatcher sample being of lower Miocene (Globigerinoides primordius Zone) age. From Hole 363 only Core 1 and the uppermost part of Core 2 fall into the Neogene. The five uppermost Cores of Site 364 range from Pleistocene to middle Miocene. The planktonic foraminifera of the more extended and closely cored Neogene sections of Sites 360 and 362 are described by Jenkins, this volume. Paleogene sediments were recovered in Holes 360, 361 (Cape Basin), 362A, 363 (Walvis Ridge), and 364 (Angola Basin). A considerable faunal difference exists between the colder water sequences in the Cape Basin and those of the tropical Angola Basin. The southern most faunas of Holes 360 and 361 are a mixture of cool and temperate water species, which are difficult to fit into a clear-cut zonation. The usual tropical and temperate zonations of the tropical North Atlantic, the Caribbean, and the Mediterranean areas (Bolli, 1966; Saunders et al., 1973 ; Toumarkine and Bolli, 1975) can, however, be applied to the Walvis Ridge Sites 362 and 363 and the Angola Basin Site 364. The difficulty of assigning zones is accentuated at Sites 360 and 361 by strong dissolution effects, which also prevent zonal assignment over broad intervals of the section at Site 364. Dissolution effects also occur, though to a lesser degree, at the other sites. These effects, with their adverse influence on zonation and on environmental interpretation are described in a separate section of this report. A detailed study of the Globigerinatheka group was done, showing the stratigraphic and ecologic significance of the genus and its species at Sites 360 and 363. A general comparison between the faunas at Leg 40 sites, and the faunas of other areas such as the Caribbean and Mediterranean, suggests that in the Leg 40 area certain taxa have somewhat different stratigraphic ranges, resulting probably from ecological influences.
Illustrated specimens are deposited at the Museum of Natural History Basel, under the numbers C-33616 to C-33766.
DISTRIBUTION OF THE PLANKTONIC FORAMINIFERS Hole 360
Site 360 (lat 35°51'S, long 18°05'E, water depth 2949 m) is located midway down the continental rise of southwest Africa. The Paleogene microfauna of Site 360 reflects a strong influence of cool water masses. It is poor in species and the Globorotalia are without peripheral keels. It is likely, however, that carbonate dissolution effects could also, at least to some degree, be responsible for the impoverished fauna. Some samples only contain three or four species, suggesting that the more delicately built species, in particular, have been destroyed through selective dissolution (Cita, 1970 ; Premoli Silva and . It is difficult to apply the tropical zonal scheme (Bolli, 1966; Saunders et al., 1973) to the Eocene part of the section. However, the middle/upper Eocene boundary (placed above Sample 42-2,58-60 cm) can be established on the basis of the extinction of spinose species, mostly Globorotalia bullbrooki and Globorotalia spinuloinflata. The middle Eocene planktonics are principally represented by various Globigerina, numerous Globigerinatheka, few Hantkenina, and compact Globorotalia. The upper Eocene (Samples 41, CC to 35-3, 11-14 cm) contains a rather undiversified fauna with Globigerina, Globigerinatheka, and very rare Hantkenina and Globorotalia cerroazulensis pomeroli. In contrast to the Eocene, the Oligocene part of the section (Cores 35-2, 134-136 cm to 27-1, 58-60 cm) can at least in part be dated by means of the tropical zonal scheme. This is because the marker species here are more robust, offering higher resistance to dissolution. While the Cassigerinella chipolensis/Pseudohastigerina micra Zone cannot be distinguished from the Globigerina ampliapertura Zone (Samples 35-2, 134-136 cm to 31-2, 72-74 cm), the Globorotalia opima opima (Samples 30, CC to 28-1, 87-89 cm) and Globigerina ciperoensis ciperoensis zones (Samples 27, CC to 27-1, 58-60 cm) are easily recognized. The Sites 360 Paleogene planktonic foraminifers show strong affinities with New Zealand faunas. On the distribution chart for Site 360 (Figure 3 ) both the New Zealand and the tropical scheme are, therefore, shown.
Hole 361
Site 361 (lat 35°O3'S, long 15°26'E, water depth 4549 m) is located on the seaward continental rise west of Cape Town. Cores 1-11 contain lower Tertiary planktonic foraminifer faunas. Dissolution effects are so strong here that in several of the examined samples only a very few resistant specimens remain. This is often Globigerina primitiva which, as a result, makes up the major part of the microfauna. Scarcely any keeled Globorotalia are preserved; a dozen or so at the most were seen in all the samples examined and belong in Globorotalia aragonensis and G. spinulosa. In some samples not only the planktonic but also benthic forms have been dissolved. Glauconite and fish debris characterize these residues.
Because of this very fragmentary planktonic foraminifer fauna, it is in most cases not possible to give a zonal assignment, or even a reasonably accurate age determination. The few exceptions are as follows: Samples 11 to 10, CC fall into the Paleocene to lower Eocene: Globorotalia aragonensis caucasica in Sample 7, CC indicates the uppermost lower Eocene; the faunas of Core 7, Section 1 to Sample 5, CC still contain Globorotalia aragonensis and can therefore be placed within the upper part of the lower Eocene and the lower part of the middle Eocene. Core 4, CC includes only a few specimens of Globigerina primitiva and G. senni. The core-catcher sample of Core 1 contains a mixed fauna of the uppermost Eocene {Globigerina tripartita, G. venezuelana, G. galavisi, G. angiporoides, and Globigerinita unicavus) and middle Eocene {Globigerina primitiva, Globigerinatheka cf. subconglobata subconglobata, and Globorotalia bullbrooki). It cannot be said whether this heterogeneous association is due to reworking or mixing by drilling.
Hole 362A
Hole 362A (lat 19°45'S, long. 10°32'E, water depth 1325 m) is located on the Abutment Plateau of the Frio Ridge segment of the Walvis Ridge where the ridge adjoins the continental margin of southwest Africa.
The Paleogene microfauna is frequently poorly preserved and the foraminifers appear broken or rolled. The deepest core, 12, is referred to the upper part of the lower Eocene and corresponds to the Globorotalia palmerae Zone. The zonal marker is absent but large sized Globorotalia aragonensis caucasica specimens occur. The interval from Core 11 to Sample 8, CC is of middle Eocene age but zonal units are difficult to recognize because some of the index forms are absent.
On the basis of the zonal marker, Sample This interval is likely to be of Cassigerinella chipolensis/ Pseudohastigerina micra Zone age, but Cassigerinella chipolensis is not present here and appears only within the middle Oligocene. Higher in the section it is possible to recognize the Globigerina ampliapertura Zone (Sample 4, CC to 4-3, 73-75 cm), the Globorotalia opima opima Zone (Samples 3, CC to 3-3, 58-60 cm), and the Globigerina ciperoensis ciperoensis Zone (Samples 2, CC to 2-3, 58-60 cm). Globigerinoides primordius appears above this interval in Sample 1, CC. This together with the extinction of the Globigerina ciperoensis group, indicates the Globigerinoides primordius Zone and the lower limit of the Miocene.
Hole 363
Hole 363 (lat 19°39'S, long 09°03'E, water depth 2248 m) is located on the crest of an isolated basement high along the north facing escarpment of the Frio Ridge segment of the Walvis Ridge.
The best Paleogene section of Leg 40 was recovered in this hole. The sequence is nearly complete and has a rich, well preserved planktonic foraminifer fauna, which has very close affinities with the Northern Hemisphere warm to temperate water assemblages as described from Trinidad (Bolli, 1957) , and Possagno, Italy (Toumarkine and Bolli, 1975 The upper Eocene, though reduced, is represented in Samples 10-1, 58-60 cm to 9-3, 98-100 cm. The Globigerinatheka semiinvoluta Zone (Samples 10-1, 58-60 cm to 9, CC) only contains small specimens of the marker. In this zone, Globorotalia cerroazulensis cunialensis appears earlier than usual; some specimens possess a very large and thin last chamber which is, however, often broken. Hantkenina, Cribrohantkenina, and the Globorotalia cerroazulensis group become extinct together at the same level in Sample 9-3, 98-100 cm, at the top of the Globorotalia cerroazulensis s.l. Zone (Samples 9-4, 58-60 cm to 9-3, 98-100 cm).
Samples 9-3, 82-84 cm to 2-5, 58-60 cm are assigned to the Oligocene. All zones of the tropical zonal scheme can be recognized here on the basis of the presence of the zonal markers. Only Cassigerinella chipolensis appears late, within the Globorotalia opima opima Zone, as is the case also in Hole 362A. The extinction of the genus Pseudohastigerina is therefore used to establish the upper limit of the Cassigerinella chipolensis/Pseudohastigerina micra Zone. Globorotalia opima opima appears early and continues to the top of the Oligocene; i.e., to within the Globorotalia kugleri Zone (Sample 2-5, 58-60 cm). The range of Globigerinoides primordius is also unusual: it appears before Globorotalia kugleri, already in the upper part of the 
Hole 364
Hole 364 lat 11 °34'S, long 11 °58'E, water depth 2448 m) is located in the Angola Basin, some 10 km landward of an abrupt marginal escarpment that marks the presumed outer limit of a massive layer of salt and evaporites along the continental margin of Southwest Africa.
This site yielded typical, warm-water, PaleogeneNeogene foraminifer faunas strongly affected by dissolution. As a consequence, some intervals are completely devoid of planktonic foraminifers, and in some even the more resistant benthic forms are also largely or totally destroyed. In these intervals the washed residues merely consist of glauconite, zeolites, and fish debris. This is the case especially in Cores 5, 6, and 7 but also more or less characterizes the other intervals where foraminifers are still present. The most persistent Eocene planktonic species are Globigerina senni, G. turgida, G. primitiva, and Globorotalia rotundimarginata, all of which possess a thick, pachyform test. Cores 10 to 1 are of Paleocene to Pleistocene age. Because of their wide spacing and the strong dissolution effects described above, only the following zones could be recognized: Globorotalia trinidadensis, Globorotalia angulata, and Globorotalia velascoensis in the Paleocene (Samples 10, CC to 9, CC); and Globorotalia edgari, Globorotalia subbotinae, Globorotalia formosa formosa, and Globorotalia aragonensis in the lower Eocene (Samples 9-3,58-60 cm to 8-4, 58-60 cm). Higher in the section planktonic foraminifer assemblages, consisting mostly of Globigerina, become poor (Samples 8-6, 58-60 cm and 8-4, 58-60 cm). Finally, only the thick-walled Globigerina senni remains (Sample 7, CC), which is usually the last lower to middle Eocene species to resist dissolution (Premoli Silva and (Bolli, 1972) and later in the tropical Pacific (Toumarkine, 1975) , it became apparent that evolutionary trends within Globigerinatheka and geographic distribution of this group of taxa are of considerable significance for middle and upper Eocene biostratigraphy and paleoecology. Representatives of this genus occur frequently and characteristically in the Eocene of Holes 360, 362A, and 363. They are here briefly discussed, and their biostratigraphic distribution and paleoecology are compared with those of the above-mentioned regions.
Hole 360
Two subspecies of this genus are well represented, the dominant and large Globigerinatheka subconglobata luterbacheri and G. index index. Also present but not so frequent are G. subconglobata subconglobata, G. index tropicalis, small forms which belong to G. subconglobata micra or G. mexicana mexicana, scarce G. index rubriformis, and G. mexicana barri.
According to Bolli (1972) , such an assemblage is typical for a temperate-water fauna. Characteristically tropical forms are absent. Of the temperate water forms, G. index index was originally described from New Zealand, G. index rubriformis from the northern Caucasus, and G. subconglobata luterbacheri from the Helvetic nappes of central Switzerland. G. mexicana mexicana, G. mexicana barri, and G. index tropicalis are regarded as ubiquitous forms, and G. subconglobata subconglobata and G, subconglobata micra as forms with tendency to a more temperate character.
It is remarkable that Globigerinatheka with the G. index group and G. subconglobata luterbacheri occurs in Site 360 almost to the top of the upper Eocene. Only the highest Eocene sample investigated (Sample 35-3, 11-14 cm) does not contain representatives of this genus. According to previous studies, in high latitudes G. index index extends to the top of the Eocene (North Sea Basin, Berggren, 1971; New Zealand, ), whereas in low latitudes the subspecies became extinct earlier, within the Globigerinatheka semiinvoluta Zone; G. index tropicalis persists slightly above this zone.
The species/subspecies composition of Globigerinatheka and their stratigraphic distribution point to cool to temperate-water conditions for the middle and upper Eocene of Site 360.
Holes 362A and 363
The ranges of the Globigerinatheka species in Holes 362A and 363, are almost identical. The better developed faunas from Site 363 were studied in more detail than those from Hole 362A.
The Hole 363 Globigerinatheka group is characterized by both cool-temperate forms, such as present in the Cape Basin Site 360, and warm water forms. Well represented here is the stratigraphically significant lineage G. subconglobata curryi-G. subconglobata euganea-Orbulinoides beckmanni (Plate 3, Figure 4 -13). It was first described by Proto Decima and Bolli (1970) from the Caribbean area (Barbados and Trinidad) and from Northern Italy (Euganean hills).
Some specimens assigned here to the G. index group from Samples 10-6, 58-60 cm to 10-1, 58-60 cm differ from the typical forms in that their test shape is more globular (Plate 5, Figures 6-9 ). Further, they possess only a single, but very large aperture. The sutures on the spiral side are only slightly depressed, while those on the unbilical side are deep. All these features may still be regarded as falling within the variability range of G. index index.
Typical specimens of G. index index extend into the upper Eocene of Site 363, together with G. index tropicalis. G. subconglobata luterbacheri, as exceedingly large specimens, is also widespread in this section (Samples 10-4, 58-60 cm to 9, CC). It may be indicative of a persisting temperate water influence. Present in Sample 10-1, 58-60 cm are some specimens of the zonal marker G. semiinvoluta (Plate 5, Figure 10-14) . They are very small and not typical and agree best with the north Italian forms described by Toumarkine and Bolli (1975) . The same sample also contains other very small specimens, which possess a single but very wide aperture (Plate 5, Figures 15-21) . Their general test shape is nearly spherical and close to that of G. semiinvoluta, with the last chamber often larger than the early part of the test and covering the umbilical area. This form will be described in more detail in a subsequent publication.
Site 363 shows both the influence of cold water from the south and tropical water from the north. This probably explains the peculiar variation here in some populations of the genus Globigerinatheka, such as 
Holes 360 and 361
As a result of dissolution effects and species impoverishment due to climate (cold-temperate water) and geographic position (high latitude), the Paleogene planktonic foraminifer assemblages are often strongly damaged and reduced in species diversity. These two factors are regarded as instrumental in the absence of keeled Globorotalia and spinose and thin-walled globigerinid species. The resulting planktonic foraminifer association at Sites 360 and 361 is composed mostly of thick-walled and compact Globigerina species such as G. senni, G. phmitiva, and G. turgida.
HOLE 360 (FIGURE 2)
Most of the tests of thick-walled Globigerina, the only forms to survive dissolution, are heavily broken, usually along umbilical sutures. It appears that the thinner and more delicate inner chambers are dissolved prior to breaking up of the test. Such an empty test is shown in Figure 9 of Plate 10. Undamaged specimens are rare among the frequent broken forms. The only observed Paleogene species are Globigerina linaperta, G.
senni, G. primitiva, G. eocaena, G. turgida, G. venezuelana, G. angiporoides, Globorotalia spinuloinßata, and various Globigerinatheka and Globigerinita.
With progressive dissolution, Globigerina senni is the last species to disappear. Test ornamentation such as spines or pustules may produce, when affected by dissolution, a glittering appearance to the surface (Plate 10, Figure 7) . Thin-walled specimens may become nearly transparent in the advanced stages of dissolution, and holes may form-a feature not observed in thick-walled specimens. A good example of this is shown by a specimen of Globorotalia opima nana in Figure 15 of Plate 10.
HOLE 361 (FIGURE 4)
. Paleogene faunas are so poor at this site because of dissolution that only exceptionally it is possible to assign a sample to a zone. Several of the examined samples contain fish debris, zeolites, and glauconite only, and are devoid of planktonic foraminifers. Some others (Cores 5 to 7) include sparse but well-preserved faunas.
Holes 362A and 363 (Figures 6 and 8)
Dissolution effects on Paleogene assemblages here are not as strong as at Sites 360, 361, and 364. I sfqnetheless, many specimens, Globigerina angiporoides for example (Plate 10, Figure 5 ), show distinct holes in their chamber walls. Such a dissolution pattern is characteristic for the thinner walled species present here, and stands in contrast to thicker walled forms, such as G. senni, which, with progressive dissolution, have a tendency to break up instead of first forming holes in the chamber walls. Larger crystals, as they often occur surrounding pores, are more resistant to dissolution. This is clearly shown in the illustrated specimen of Globigerina praesaepis (Plate 11, Figures 2-4) , where pores became funnel-shaped through better preservation of the larger crystals.
The external wall layers have a tendency to remain better preserved along the depressed sutures (Globorotalia cerroazulensis pomeroli, Plate 6 , Figures 7, 8 ; G. cerroazulensis cerroazulensis, Plate 6, Figures 10-12 ). When the external layers have dissolved the inner one may still be preserved but is then often pierced by holes as in the Globigerina ampliapertura specimen illustrated on Plate 11, Figures 12, 14 .
Hole 364 (Figure 10)
Dissolution effects from the lower Eocene to the upper Miocene (Core 8, Section 1 to Sample 4, CC) are so strong that no zonation on the basis of planktonic foraminifers is possible. Most sediments of this interval contain only fish debris, radiolarians, diatoms, and sponge spicules, but no foraminifers. Only a few samples, such as 8-6, 58-60 cm, include some Globigerina primitiva and G. senni, leaving an initial impression that these represent cold-water assemblages. However, on the basis of the zones recognized in the better-preserved parts of the site, which are of typical tropical character, it is probable that warmer water and thinner shelled forms must have existed here but have subsequently become victims of dissolution.
It can clearly be observed in the material from this site that in thick walled specimens dissolution first affects the umbilical area around the aperture, which as a result increses in size (e.g., Globigerina senni, Plate 10, Figures 10-12 ). Dissolution then progressively destroys the inner whorls, and as a last phase the remainder of the test breaks up. In thinner walled specimens the mode of progressive destruction is by means of holes being formed in chamber walls, followed by the destruction of the initial spire (Plate 10, Figure 1 ).
Conclusions
Dissolution of a foraminiferal population may proceed along different paths, depending on the composition of the assemblage and the construction of the test walls of individual species. The effects of progressive dissolution can be subdivided as follows: 1) Corrosion of tests resulting in enlarged pores, more pronounced spines, enhanced umbilical aperture, all caused by selective dissolution between different sized crystals (Site 363, Sample 5, CC). Holes in thinwalled tests often occur first in the last chamber which is usually thinner than the previous ones. When such tests break up, they rapidly dissolve with few fragments left (Site 360, Sample 30-3, 92-94 cm). At the same time, the inner whorls of thick tests are destroyed, followed by fragmentation of the remaining outer chambers (364-8-4, 58-60 cm).
2) In more strongly affected assemblages, all spinose and thin-walled forms disappear, leaving only thickwalled and compact species. At this stage it is often the index forms that go first, thus making dating of the samples difficult or impossible. Such selective dissolution of species may also lead to difficulties in paleoclimatic interpretation because the forms that are more resistant to dissolution also have a wider latitudinal distribution. This shows, for instance, in a comparison of the faunas from tropical Site 364 in the Angola Basin (Samples 8-4, 58-60 cm to 8-6, 58-60 cm) with the cold-temperate Site 360, Sample 46, CC in the Cape Basin.
3) Eventually all planktonic foraminifers are destroyed; only some of the more-resistant benthic foraminifers remain. The relative proportion of solution-resistant fish debris and siliceous forms increases (Site 361, Sample 8-5, 82-84 cm; Site 364, Sample 7, CC). 4) Finally, calcareous forms no longer occur; faunal remains are restricted to fish debris and siliceous fossils such as diatoms, radiolarians, and sponge spicules. A typical example is Core 6 of Site 364.
REMARKS ON SPECIES DISTRIBUTION
AND PALEOGEOGRAPHY The Paleocene through Eocene planktonic foraminifer assemblages show no remarkable difference between Sites 363 and 364. The same also goes for the lower Eocene faunas of Holes 362A, 363, and 364. They are similar to those of the tropical (e.g., Caribbean) and Mediterranean areas. It is noteworthy that Globorotalia palmerae, confined to a narrow latitudinal belt in the Northern Hemisphere (Caribbean-Morocco-southern Mediterranean-Pakistan), was not seen at any of the Leg 40 sites. However, Globorotalia aragonensis caucasica, a more temperate species, occurs as wellpreserved specimens at Holes 362A and 363.
Middle and upper Eocene sediments were recovered from Holes 360, 362A, and 363. As in the Paleocene and lower Eocene, the planktonic foraminifers of Holes 362A and 363 are similar to those of the tropical and Mediterranean areas, with some deviations as noted for the distribution of the Globigerinatheka species and the range of the Globorotalia cerroazulensis group. The faunas of both these sites are very different from that of Site 360, which is extremely poor. Together with the cool-water environment, causing the scarcity of some species such as keeled Globorotalia and Hantkenina, selective dissolution has played a dominant role at this There are indications that the differentiation of the subspecies of the Globorotalia cerroazulensis lineage began at Site 363 earlier than in the Northern Hemisphere and the North Pacific, where the first appearance of each subspecies occurs apparently later and at the same level in all the sections studied (Toumarkine and Bolli, 1970 : Toumarkine, 1975 .
At Site 363 a similar early evolution may also occur in Globigerina ampliapertura, which is assumed to have evolved from Globorotalia increbescens (Blow and Banner, 1962) . The first G. ampliapertura already appears in Sample 9, CC, at the top of the Globigerinatheka semiinvoluta Zone, together with Globigerina increbescens.
Some temperate species such as Globorotalia aragonensis caucasica and Globigerinatheka subconglobata luterbacheri are abundant in sediments of Holes 362A and 363. Unfortunately it is not possible to determine whether they continue north as far as Site 364 because dissolution has destroyed a large part of the Eocene faunas at that site.
Oligocene was recovered from Holes 360, 362A, and 363. Faunal differences between these sites are less marked than they are for the Eocene. This is seen in a less diverse planktonic foraminifer association which is also more resistant to dissolution.
The presence of Globigerina angiporoides, G. brevis ,  Globorotalia labiáprassata, G. gemma, G. munda, G. pseudocontinuosa,\ G. semivera, and Globorotaloides testarugosa, which] originally were described from New Zealand and Southern Australia (Jenkins, 1960 , shows the strong influence of the Austral-New Zealand faunal province. It is of special interest that most of the species were much more cosmopolitan in the Oligocene than originally thought (Jenkins, personal communication). Globigerina testarugosa is limited to Site 360. Globigerina binaiensis, which was thought to be confined to the tropical portion of the Indo-Pacific province, occurs in the upper Oligocene of Site 363. This is evidence for a connection between the IndoPacific and the South Atlantic province.
In the sections; of Holes 360, 362A, and 363, Cassigerinella chipblensis appears late, only within the Globorotalia opima opima Zone. This is probably due rather to geographic factors than to selective solution, as is indicated by the presence in the lower and middle Oligocene of Chiloguembelina cubensis, a species, according to Fleisher (1975) , very sensitive to dissolution.
The first appearance of Globigerinoides primordius, datum for the base of the Miocene, occurs at Site 363 already at the top of the Globigerina ciperoensis ciperoensis Zone, earlier, than in some other areas.
The highest coj es of Holes 362A (Core 1), 363 (Sample 2-2, 58-60 cm), and 364 (Cores 1-4 Orbulinoides beckmanni Zone; middle Eocene. 6. Spiral view (C-33655); specimen with three large bullae, 75 ×. 7. Spiral view (C-335656), spherical specimen with very large ultimate chamber and three bullae covering apertures, lOO×. 8. Detail of Fig. 7 ; thin walled bulla with two thick rimmed apertures, 250×. Fig. 3 showing the difference of the dissolution between the pores crystals and the others. The specimen appears covered by funnel-shape pustules, lOOO×.
